ABSTRACT. To quantify the radiographic parameters of the caudal vena cava (CVC) in healthy cattle and demonstrate their clinical usefulness, the present study compared the ratios of the diameter of the thoracic CVC to the diameter of the aorta (Ao) and length of the thoracic vertebrae (VL), which are all positioned in the same intercostal space, in 81 healthy control cattle (43 growing, 38 adult) and 10 cattle with heart disease. The average diameter of the CVC (CVCave) was correlated with the size of the Ao and VL in the control cows. Although the diameter and pulsation index of the CVC differed significantly between the growing and adult cows, the ratios of CVC/Ao and CVC/VL were fixed values for both the growing and mature cattle. However, in the cattle with heart disease, the pulsation index of the CVC was significantly lower or there was absence of pulsation due to a dilated CVC, and the ratio of CVCave/Ao and CVCave/VL were significantly higher than those in the healthy cattle. KEY WORDS: caudal vena cava, heart disease, radiographic parameter.
The vena cava is a highly compliant low-pressure capacity vessel [10] . Its dimensions and dynamics vary with changes in total body water and circulatory blood volume [13, 14, 16] , and may be influenced by the systemic and hepatic circulatory status [3] , the compliance of the hepatic parenchyma [27] , and changes in the thoracic and abdominal pressure [19] .
In human medicine, the inferior vena cava (IVC) corresponds to the caudal vena cava (CVC) of cows, and both the diameter and collapsibility index (CI, called the pulsation index in cattle) of the IVC are important for diagnosis of circulation dysfunction. Measurement of the IVC has been reported during diagnosis of patients with cardiac disease classically associated with right-sided congestive heart failure, including severe or chronic congestive heart failure [9, 12] , tricuspid incompetence [20, 26] , and pericardial effusion [6, 20] . Furthermore, the dilatation of the IVC is also observed in patients with cirrhotic portal hypertension [27] . Measurement of the IVC has been applied to assess right heart function [18] , the risk of pregnancy-induced hypertension [22] , and to monitor the effect of therapy in patients with congestive heart failure [17] .
In small animal clinics, dilatation of the CVC is often listed as an indicator of right-sided congestive heart failure [8, 15] and is applied to the diagnosis of dogs with that type of condition, including heartworm disease [2] , pericardial disease [8] , pulmonic stenosis [23] , tricuspid valve regurgitation, and dilated cardiomyopathy [15] . In cattle, with the exception of Braun et al. [3, 4] , no one has described alteration of the CVC secondary to poisoning or thrombosis of the CVC, and the dimensions and dynamics of the CVC have not been documented systematically. The aim of this study was to evaluate the radiographic parameters of the CVC in healthy dairy cattle and demonstrate their usefulness in clinical diagnosis.
Prior to the experiment, 81 Holstein cows were subjected to serological and radiological examinations to exclude circulation dysfunction and other diseases. Then, according to the "Standard Growth Values of Holstein Dairy Cattle" [25] cattle were divided into two groups-growing (n=43; aged 9 to 35 months; mean ± SD: 18.72 ± 8.16) and adult cows (n=38; aged 37 to 95 months; mean ± SD: 60.87 ± 15.84). The test group, which included 10 cows (aged 26 to 73 months; mean ± SD: 43.9 ± 17.34) suspected of heart disease based on clinical symptoms, serological tests, and electrocardiographic records, was carried into our teaching hospital for necropsy. Appearance at necropsy demonstrated 5 cows with vegetative endocarditis, 1 cow with traumatic pericarditis, 2 cows with septal defect, and 2 cows with pericardial effusion.
After each cow was placed on an X-ray vehicle, and restrained in the standing position in the middle of the frame, radiographic examinations were performed using an industrial fluoroscope (MG321; Hitachi Medico, Tokyo) with camera loaded on an X-ray mass screening car for large animals. Radiographic images were taken from the right side of the standing cattle, and Lehmkuhl's method [15] was employed to measure the following: 1) maximum and minimum diameter of the CVC (CVCmax and CVCmin) at the end of expiration and 2) the length of the thoracic vertebrae (VL, usually the 8th thoracic vertebra) and diameter of the aorta (Ao) for comparison as body structures considered not directly affected by alteration of the CVC, but positioned in the same intercostal space as the location of CVC measure-ments. From these measurements, the average diameter of the CVC (CVCave) was calculated as (CVCmax + CVCmin)/2. The pulsation index of the CVC (CVCp.i.) was calculated as (CVCmax-CVCmin)/CVCmax × 100%. The CVCave/Ao, CVCave/VL, and Ao/VL ratios were then worked out. Linear regression analyses and independentsample t-tests were performed to analyze all related data using the SPSS analysis software (SPSS 12.0.J for Windows Advanced Models, SPSS Inc., Japan). p values of less then 0.05 were considered statistically significant.
As shown in Table 1 , CVCmax was significantly lower in growing cows than in adult cows (p<0.01). There was no difference detected for CVCmin between the 2 groups of cattle. However, the average diameter and pulsation indices of the CVC were significantly lower in the growing cows than in the adult cows (p<0.01 both). Age, Ao, and VL were significantly lower in the growing cows than in the adult cows (p<0.01). According to the Holstein Cattle Association of Japan (HCAJ), Holstein cows reach 90% of their mature body characteristics at approximately 36 months of age [25] . In the present study, adult Holstein cows aged over 36 months are considered to be of mature weight. In regard to the other characteristics, the Ao and VL8 values were related to growth; thus, growing cows had significantly lower Ao and VL8 values than the adult cows. The differences in CVCmax and CVCp.i, between growing and adult cows are not only affected by growth, but also by circulating blood volume. In the lactating period, it is well recognized that the blood volume and cardiac output of cows is increased simultaneous to an increase in the distribution of blood volume flowing into the mammary glands for milk production [11, 21] . However, in the present study, no significant correlation was detected between the CVC size and monthly daily milk yield. In human medicine, the collapsibility index of the IVC has been correlated with the central venous pressure [24] . The dimensions and collapsibility index of IVC has been demonstrated to be influenced by total body fluid, circulation blood volume, and intrathoracic and intra-abdominal pressure [1, 5, 7, 14, 16] .
Individual differences between cows prohibit comparison of absolute CVC size. However, the ratio of CVC to other anatomic structures may provide a useful assessment. Therefore, quantitative evaluation was performed to compare the average diameter of the CVC with the diameter of the aorta and length of the 8th thoracic vertebra. As shown in Table 1 , the ratio of CVCave to the aorta (CVCave/Ao) was 0.62 ± 0.09 (ranged from 0.43 to 0.79) in the adult cows and 0.60 ± 0.11 (ranged from 0.39 to 0.90) in the growing cows. The ratio of CVCave to length of the 8th thoracic vertebra (CVCave/VL) was 0.42 ± 0.06 (ranged from 0.25 to 0.52) in the adult cows and 0.41 ± 0.06 (ranged from 0.25 to 0.59) in the growing cows. The t-test showed that the CVCave/Ao and CVCave/VL ratios were consistent in both groups, and their values were 0.61 ± 0.10 and 0.41 ± 0.06 in all healthy cows, respectively. On the other hand, as shown in Fig. 1A and B, linear regression analyses used to evaluate the correlation of CVCave to Ao and VL for the cattle revealed significant coefficients in both groups examined. The values of r 2 for linear regression analyses of Ao and VL were 0.29 and 0.36 for all cattle (p<0.01), respectively.
Although the diameter and pulsation index of the CVC differ significantly between growing and adult cows, the average diameter of the CVC correlates with the size of the Ao and VL in growing and adult cows. The CVCave/Ao and CVCave/VL ratios were fixed values in both the growing and mature cattle. To demonstrate the clinical application of these results as a parametric ruler of the caudal vena cava in healthy cattle, 81 healthy cattle were treated as a control group and 10 cattle with heart disease were used as the test group.
Due to the significant difference in average diameter and pulsation index of the CVC in growing and adult cows, the average diameter of the CVC for the test group was compared with the growing and adult cows of the control group, Table 1 . Mean ± SD values for age, diameter of aorta, length of 8th thoracic vertebrae, maximum, minimum, average diameter, and pulsation index of the caudal vena cava, ratios of the caudal vena cava to the aorta and 8th thoracic vertebra, and ratio of the aorta to the 8th thoracic vertebra for the two groups of cows respectively. As shown in Fig. 2 , the average diameter of the CVC in the test group (42.13 ± 8.9, mean ± SD) was significantly greater than in the growing (21.54 ± 4.25) and adult cows (24.98 ± 3.93) (both p<0.0001) of the control group. In the test group, the pulse of the CVC was extremely weak in 3 cows and disappeared in 7 cows, and the pulsation index of the CVC (4.20 ± 6.99) was significantly lower than that of growing cows (27.81 ± 7.38) and adult cows (34.27 ± 13) (both p<0.0001) ( Fig. 2A) . No difference was detected between the test and control groups in thoracic vertebrae length (test=57.41 ± 61.03, control= 56.70 ± 41.66) or diameter of the aorta (test=38.17 ±48.28, control=38.51 ± 27.45). However, the ratios of CVCave to the aorta and length of the thoracic vertebra (fixed value in (Fig. 2B) . In this study, the test cows had a lower pulsation index and larger caudal vena cava than the control cows as determined by the CVCave/Ao and CVCave/VL ratios. Our results are consistent with previous studies performed in human and small animals [8, 9, 12, 15, 20, 26] , which had similar results.
In conclusion, the pulsation index of the CVC and the ratios of CVCave to the diameter of the aorta and length of the 8th thoracic vertebra are useful parameters for diagnosis of cattle with circulation dysfunction. However, as an industrial animal, adult dairy cows essentially continuously repeat states of reproductive activity. Throughout their entire lives they are pregnant or lactating, and approximately half of this time is subject to both conditions simultaneously. Therefore, additional studies are needed to examine alteration of intravascular pressure and the dimensions and dynamics of the CVC of cattle during the reproductive cycle, including delivery and different lactating stage.
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